Introduction 35
In recent years, the food industry has been faced with several major health crises. This has led 36 to an increase in public concern about food safety. Several mycotoxins cause major safety 37 problems in cereal production (Le Boulc'h et al., 2000) . The ingestion of mycotoxins may 38 result in vomiting, reproductive disturbances, leukoencephalomalacia, pulmonary oedema, 39 impairment of the humoral and cellular immune responses, nervous disorders, myocardial 40 hypertrophy and several cancers (Placinta et al., 1999) . Some of these toxins are produced 41 before harvest (trichothecenes, fumonisins and zearalenone), whereas others are produced 42 after harvest (ochratoxin A and aflatoxins). Several species of Fusarium are responsible for 43 toxin production before harvest (Maurin and Chenet, 1993) . These fungi, together with 44
Microdochium, are responsible for Fusarium head blight, or scab (Cassini, 1970; Ban, 2000) . 45
As the deleterious effects of this disease include yield losses of up to 50% (Atanasoff, 1920; 46 Parry et al., 1995) and the production of various mycotoxins: zearalenone, deoxynivalenol 47 4 For each cropping system (and each subplot), we used four randomly selected samples of 25 103 heads to determine disease severity, every week between flowering and physiological 104 maturity of the grain. Disease severity was estimated by determining the percentage of 105 spikelets per head for which at least one third of the external surface of glumes presented 106 symptoms of head blight. 107
108

Mycotoxin extraction and analysis 109
We determined the mycotoxin content of grains from plants sampled at harvest. Plant 110 sampling was based on the 98/53/CE directive, which lays down the sampling procedure for 111 official controls of aflatoxin level. We used this directive as there is no similar text dealing 112
with Fusarium toxins. According to this directive, for plots with yields lower than 1 t, 10 113 samples of 100 g must be harvested and pooled to give a total sample of 1 kg. We collected 1 114 kg grain samples in this manner from each plot. Samples were dried (48h -80°C) and sent to 115
Qualtech (Vandoeuvre-les-Nancy, France) for testing. In the first two years, we determined 116 the levels of the following mycotoxins: zearalenone, group A and B trichothecenes 117 (diacetoxyscirpenol (DAS), T-2, HT-2, nivalenol (NIV), deoxynivalenol (DON) and 118 derivatives (3-aDON and 15-aDON), fusarenone (FUX), and fumonisins B1 and B2. In the 119 final year, we determined levels of zearalenone, group A and B trichothecenes 120 (diacetoxyscirpenol (DAS), monoacetoxyscirpenol (MAS), T-2, HT-2, neosolaniol, T2-triol, 121 nivalenol (NIV), deoxynivalenol (DON) and derivatives (3-aDON and 15-aDON), and 122 fusarenone (FUX). Zearalenone levels were determined with an immunoaffinity high-123 performance liquid chromatography (HPLC) method, validated by the French norm NF V03-124 110. Fumonisines were determined by HPLC, and trichothecenes by gas chromatography-125 mass spectroscopy (GC-MS), validated by the French norm NF EN ISO/CEI 17025. 126
127
Statistical methods 128
We used the classic ANOVA (one-way analysis of variance) program of the SAS software 129 suite to compare the systems. If a significant F ratio was obtained (α<0.05), we analysed 130 differences between treatments, using Bonferroni's multiple range test. In this study, there 131
were interactions between year and climate and between year and changes in the cropping 132 system. We therefore chose not to analyse the year effect directly. We focused instead on 133 cropping system effects. ANOVA was carried out with all the individual measurements from 134 each replicate. 135 136 5
Disease severity 139
The severity of Fusarium head blight differed considerably from year to year (Table 2) the Charger cultivar systematically displayed higher levels of contamination than the cultivar 179 used in the organic system. These factors had different effects on mycotoxin contamination. 180
The integrated and direct drilling systems (for which fungicide protection and cultivar varied 181 simultaneously) displayed higher levels of mycotoxin contamination for the subsystems than 182 for the adapted system, with the exception of the direct drilling system in 2000. However, the 183 choice of cultivar and the decision not to treat had a relatively small effect in this system in 184 this year because DON levels consistently exceeded 4000 µg/kg (which is much higher than 185 the maximum level recommended). No significant plot effect was identified. recorded for plots with high levels of disease severity (63%). We also found that there was no 206 relationship between disease severity and mycotoxin levels for nivalenol and zearalenone. 207
208
Discussion 209 Our results demonstrate that Fusarium head blight severity depends mainly on climatic 210 effects. Similar results have been obtained in previous studies (Andersen, 1948; Langseth et 211 al., 1995) . However, in years with average or high levels of disease, cropping system affects 212 disease severity. The direct drilling system resulted in the highest disease severity in both 213 years for which results were available. In 2000, the direct drilling system wheat crop followed 214 a maize crop whereas the wheat crop of the integrated system followed oilseed rape. In 2002, 215 the preceding crop was pea in both cases. However, the major difference between the direct 216 drilling and integrated systems was the absence of tillage in the direct drilling system: 217 comparison of these two systems, in 2002, can therefore be used to determine the effect of 218 ploughing in residues. Our results seem to support previous conclusions concerning the 219 effects of land preparation (Teich and Nelson, 1984; Teich and Hamilton, 1985; Dill-Macky 220 and Jones, 2000) . The "contaminating complex" effect, operating under natural contamination conditions is 259 probably responsible of the absence of a relationship between disease severity and DON 260 levels. Our results, which are consistent with those of other authors (Liu et al., 1997) , are 261 especially important as they relate to moderate or low disease levels, which may conceal 262 significant contamination by mycotoxins. Indeed, in contrast to studies in which crops were 263 artificially contaminated with a single pathogenic strain of Fusarium culmorum, in which 264 such a relationship was found (Teich and Hamilton, 1985; Snijders and Perkowski, 1990) , 265 several species of Fusarium and Microdochium are present in the field in natural 266 contamination conditions. Hence, DON levels, disease severity and the relationship between 267 these variables probably depend on the traits of the species present -capacity to produce 268 disease, capacity to produce mycotoxins (deoxynivalenol, nivalenol, zearalenone) The organic system received no nitrogen fertilisation in 1999-2000 and 2000-2001. 340 In the 
